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(57) ABSTRACT

The present invention relates to a novel membrane module
for separating a fluid feed stream into a permeate stream and
a retentate stream. The membrane module according to the
invention is characterized in that all components are housed
in a 20', 40', 45' HC, 45' PW or 53' HC container, whereby
the membrane module can be transported and handled in a
very simple and cost-effective manner despite its compara-
tively large volume and its high weight. The membrane
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module is furthermore characterized by its large membrane
surface area compared with usually used membrane mod-
ules, whereby the number of individual membrane modules
required in practical use can be reduced many times over.
The present invention furthermore relates to a process for
separating a fluid feed stream into a permeate stream and a
retentate stream using the membrane module according to
the invention.

17 Claims, 6 Drawing Sheets
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1
MEMBRANE MODULE

The present invention relates to a membrane module for
separating a fluid feed stream into a permeate stream and a
retentate stream.

BACKGROUND OF THE INVENTION

The combustion of fossil fuels to generate energy has
resulted in a large increase in the proportion of carbon
dioxide in the Earth’s atmosphere in recent decades, wherein
the concentration of carbon dioxide in the Earth’s atmo-
sphere has increased by almost 40% since the start of
industrialization. Furthermore it is believed that the emis-
sion of carbon dioxide accounts for approximately 60% of
the greenhouse effect caused by humans. In order to coun-
teract further global warming, it is therefore imperative that
the emission of carbon dioxide into the Earth’s atmosphere
be reduced as much as possible. As a large part of global
carbon dioxide emissions are caused by the combustion of
fossil fuels in coal-fired power stations, a huge savings
potential for reducing global carbon dioxide emissions is to
be found here.

Various processes for reducing the carbon dioxide emitted
are already used in large-scale process engineering. So-
called membrane separation processes in which the sub-
stance mixture to be separated, e.g. the flue gas of a power
station, is separated into a retentate stream and a permeate
stream by means of a membrane appear to be particularly
advantageous. The stream which penetrates the membrane
and is thus separated from the feed material is called the
permeate stream. The stream stripped of the permeate,
which does not penetrate the membrane and leaves the
separation unit, is called the retentate stream. Using renew-
able energy, the carbon dioxide separated off as permeate
can then be converted into usable, carbon-based products
such as fuels or polymers, or can be stored underground or
used as nutrient for algae.

In order to provide the membrane surface area necessary
for removing carbon dioxide from the flue gas of a power
station, relatively small membrane modules are currently
used in large numbers. For example, approximately 6,000
standard membrane modules, each with an effective mem-
brane surface area of 100 m?, are necessary to remove the
carbon dioxide from the flue gas of a hard-coal-fired power
station with a capacity of 1500 MW. However, the individual
membrane modules must be equipped with the correspond-
ing control valves and tubing, which makes the process very
error-prone, maintenance-intensive and expensive. It would
therefore be desirable to use a small number of compara-
tively large membrane modules. However, it is currently
very laborious and expensive to handle and, above all,
transport large membrane modules, because of the compara-
tively large volume and high weight. Comparatively large
membrane modules have therefore not come into use yet.

DESCRIPTION OF THE INVENTION

The object of the present invention is to provide a
membrane module with which the above disadvantages can
be overcome. In particular, a membrane module is to be
provided which has a comparatively large membrane surface
area and at the same time can be transported and handled in
a simple and cost-effective manner. Furthermore, a process
for separating a fluid feed stream into a permeate stream and
a retentate stream using the membrane module according to
the invention is to be provided.
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The above objects are achieved by a membrane module
according to claim 1 and by a process according to claim 8.

Accordingly, a membrane module for separating a fluid
feed stream which comprises permeate material and reten-
tate material into a permeate stream and a retentate stream
with the following features is provided. The membrane
module according to the invention comprises a substantially
box-shaped 20', 40, 45' HC, 45' PW or 53' HC container,
with an internal space which is defined by a floor, two to four
side walls and a roof, and has a width, height and length.

Furthermore, the membrane module comprises one or
more fluid inlet openings (feed stream inlet openings) in at
least one side wall of the container as well as one or more
retentate outlet openings, for discharging the retentate
stream, in at least one other side wall of the container. The
fluid inlet openings and retentate outlet openings are in flow
connection with each other.

In addition, the membrane module comprises one or more
permeate outlet openings in at least one floor, side wall or
roof of the container, which serve to discharge the permeate
stream from the container, as well as one or more membrane
pocket stacks arranged inside the container. The membrane
pocket stacks comprise membrane pockets arranged in the
form of a stack and, adjacent to the one or more fluid inlet
openings and/or the one or more retentate outlet openings,
first spacers between the membrane pockets. The first spac-
ers serve to keep the membrane pockets spaced apart, in
order to make a free flow cross-section for the throughtlow
of the fluid feed stream and/or the retentate stream possible.
The membrane pockets each comprise two membranes,
which are each present on one carrier material, as well as one
or more second spacers present between the membranes.
The second spacers keep the membranes spaced apart and
thus make a free flow cross-section for the throughflow of
the permeate stream through the membrane pockets pos-
sible. The membranes of a membrane pocket are further-
more connected to each other at the edges in order to prevent
the fluid feed stream and/or the retentate stream from
penetrating into the membrane pockets.

Moreover, the membrane module according to the inven-
tion comprises one or more permeate tubes. The one or more
permeate tubes lead, perpendicularly to the flow direction of
the fluid feed stream, to the one or more permeate outlet
openings. The permeate tubes furthermore comprise one or
more radial openings, through which the permeate material
from the membrane pockets arrives in the one or more
permeate tubes. In addition, first seals, which prevent the
fluid feed stream and/or the retentate stream from coming
into contact with the one or more permeate tubes, are fitted
on the one or more permeate tubes between the membrane
pockets.

The one or more membrane pocket stacks extend sub-
stantially along the entire length and width, preferably along
the entire length, width and height, of the internal space of
the container.

It is preferred that the part of the internal space of the 20",
40", 45' HC, 45' PW or 53' HC container which is not filled
with the one or more permeate tubes is almost completely,
preferably completely, filled with one or more membrane
pocket stacks. In particular, the one or more membrane
pocket stacks are arranged such that they completely fill a
flow cross-section of the container transverse to the flow
direction of the fluid feed stream, wherein the flow cross-
section is delimited transverse to the flow direction by the
side walls as well as the roof and floor of the container. The
side walls as well as the roof and floor of the container thus
delimit the fluid feed stream in its path from the one or more
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fluid inlet openings to the one or more retentate outlet
openings. The membranes or the membrane pockets of the
one or more membrane pocket stacks preferably run sub-
stantially parallel to the floor and the roof of the container.
A corresponding arrangement of the membrane pocket
stacks results in a very large membrane surface area per
membrane module.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is described in detail in the follow-
ing with reference to the figures. The figures only show
preferred embodiments and in no way limit the invention.

FIG. 1 shows a top view of an embodiment of the
membrane module according to the invention.

FIG. 2 shows a top view of a further embodiment of the
membrane module according to the invention.

FIG. 3 shows an embodiment of the seals arranged on the
permeate tubes and between the membrane pockets.

FIG. 4 shows an embodiment of the openings in a
permeate tube.

FIG. 5 shows an embodiment of the membrane pockets.

FIG. 6 shows a top view of a section through the mem-
brane module according to the invention, in which a mem-
brane pocket stack extends substantially over the entire
length and width of the internal space of the container, as
well as the flow directions of the fluid feed stream/retentate
stream and of the permeate stream according to an embodi-
ment of the membrane module according to the invention.

FIG. 7 shows a cut-out of a top view of a section through
the membrane module according to the invention, in which
several membrane pocket stacks extend substantially over
the entire length and width of the internal space of the
container, as well as the flow directions of the fluid feed
stream/retentate stream and of the permeate stream on a
permeate tube.

Container

The membrane module 10 comprises a 20", 40', 45' HC,
45' PW or 53' HC container 50. The container 50 comprises
a floor 60, two to four side walls 70 as well as a roof 80 and
is substantially box-shaped. The floor 60, the side walls 70
as well as the roof 80 enclose an internal space 85 of the
container 50. The container 50 is preferably a 20' or 40'
container, particularly preferably a 20' container.

The use of a 20, 40", 45' HC, 45' PW or 53' HC container
50 has the advantage that it can be transported and handled
by means of frequently used and globally standardized
devices. There is thus no need to design, build and install
new devices for transporting and handling the membrane
module 10, which results in a substantial cost reduction.
Fluid Inlet Openings/Retentate Outlet Openings

The container 50 has one or more fluid inlet openings 90
in a side wall 70 for introducing the fluid feed stream 20 into
the membrane module 10.

If the membrane module 10 is used to remove carbon
dioxide from the flue gas of a power station, the flue gas
represents the fluid feed stream 20. The flue gas is then
guided, by means of tubes, through the one or more fluid
inlet openings 90 into the membrane module 10. However,
other uses of the membrane module 10 are also conceivable;
the use of the membrane module 10 is in no way limited to
the removal of carbon dioxide from the flue gas of a power
station.

Furthermore, in another side wall 70 the container 50 has
one or more retentate outlet openings 100 for discharging the
retentate stream 40 from the membrane module 10.
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The fluid inlet openings 90 and retentate outlet openings
100 are in flow connection with each other.

According to a preferred embodiment shown in FIG. 1
and FIG. 2, one side wall 70 of the container 50 is formed
entirely as retentate outlet opening 100. Another side wall 70
is preferably formed entirely as fluid inlet opening 90.
According to another embodiment, one side wall 70 is
formed entirely as fluid inlet opening 90 and another side
wall 70 comprises one or more retentate outlet openings 100.
According to a further embodiment, one side wall 70 is
formed entirely as retentate outlet opening 100 and another
side wall 70 comprises one or more fluid inlet openings 90.

If a side wall 70 is formed entirely as fluid inlet opening
90 or retentate outlet opening 100, the side wall 70 is thus
entirely replaced by the fluid inlet opening 90 or retentate
outlet opening 100. A container 50 which has a side wall 70
formed entirely as fluid inlet opening 90 as well as a side
wall 70 formed entirely as retentate outlet opening 100
therefore comprises a floor 60, two side walls 70 as well as
a roof 80.

According to a preferred embodiment, the one or more
fluid inlet openings 90 and the one or more retentate outlet
openings 100 are fitted in opposite side walls 70 of the
container. According to a particularly preferred embodi-
ment, one side wall 70 is formed entirely as fluid inlet
opening 90 and the opposite side wall 70 is formed entirely
as retentate outlet opening 100. According to another
embodiment, one side wall 70 comprises 1 to 100, more
preferably 1 to 10, fluid inlet openings 90 and another side
wall 70, preferably opposite the first side wall, likewise
comprises 1 to 100, more preferably 1 to 10, retentate outlet
openings 100.

Permeate Outlet Openings

Furthermore, in at least one floor 60, side wall 70 or roof
80 of the container 50 the membrane module 10 has one or
more permeate outlet openings 110 for discharging the
permeate stream 30. These are connected to permeate tubes
180 inside the container 50.

If the membrane module 10 is used for removing carbon
dioxide from the flue gas of a power station, the carbon
dioxide removed from the flue gas represents the permeate
stream 30. For further purification, the permeate stream of
one membrane module 10 can be introduced, as fluid feed
stream 20, into a further, series-connected membrane mod-
ule 10.

According to a preferred embodiment, both the floor 60
and the roof 80 of the container 50 comprise the same
number of one or more permeate outlet openings 110.

The permeate outlet openings 110 are preferably arranged
opposite each other in the floor 60 and roof 80.

According to an embodiment shown in FIG. 1, the mem-
brane module 10 comprises in each case eight permeate
outlet openings 110 in the roof 80 and floor 60 of the
container 50. According to the embodiment shown in FIG.
2, the membrane module 10 comprises in each case one
permeate outlet opening 110 in the roof 80 as well as in the
floor 60 of the container 50.

According to a preferred embodiment, the permeate outlet
openings 110 are formed as a flange 210.

According to a particularly preferred embodiment, the
membrane module 10 comprises 1 to 100, more preferably
1to 10, still more preferably 1 to 8, permeate outlet openings
110.
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Membrane Pocket Stack

In addition, the membrane module 10 has one or more
membrane pocket stacks 120 inside the container 50, for
separating the fluid feed stream 20 into a permeate stream 30
and a retentate stream 40.

As can be seen in FIG. 6, a membrane pocket stack 120
extends substantially over the entire dimensions of the
internal space (length and width, preferably length, width
and height) of the container 50. Only the area in which the
permeate tube 180 runs is left open by the membrane pocket
stacks 120. Optionally, it is also possible to arrange several
membrane pocket stacks 120 one above another, with the
result that together they fill the internal space 85 of the
container 50. Each individual membrane pocket stack 120
extends substantially over the entire width and length of the
internal space 85.

FIG. 7 shows a further embodiment of the invention,
according to which several membrane pocket stacks 120 are
arranged next to each other and together substantially fill the
entire internal space 85 of the container 50. Optionally, the
membrane pocket stacks 120 can be arranged not only next
to each other but additionally also one above another and
thus fill the entire internal space 85.

It is understood that the internal space 85 of the container
50 filled by the membrane pocket stacks 120 does not
include the area or areas in which the permeate tube or tubes
180 extend.

If the membrane module 10 is used for removing carbon
dioxide from the flue gas of a power station, the carbon
dioxide separated off from the flue gas represents the per-
meate stream 30. However, it is also conceivable that other
compounds or substances are separated off from a fluid feed
stream 20, wherein these compounds or substances that have
been separated off then represent the permeate stream 30.

The membrane pocket stacks 120 comprise membrane
pockets 130 arranged in the form of a stack, which each
comprise two membranes 150. The membranes 150 are
preferably each secured to one carrier material 160.

First spacers 140 which keep the membrane pockets 130
spaced apart from each other are preferably fitted between
the membrane pockets 130, in order to make a free flow
cross-section for the throughflow of the fluid feed stream 20
and/or of the retentate stream 40 between the membrane
pockets 130 possible. The first spacers 140 are particularly
preferably fitted adjacent to the one or more fluid inlet
openings 90 and/or the one or more retentate outlet openings
100.

The membrane pockets 130 comprise, on their insides,
one or more second spacers 170 between the membranes
150, in order to keep the membranes 150 spaced apart from
each other, in order to make a free flow cross-section for the
throughflow of the permeate stream 30 through the mem-
brane pockets 130 possible.

The first and/or second spacers 140, 170, independently of
each other, can comprise or entirely consist of a plastic
fabric. However, other materials which can be selected by a
person skilled in the art with reference to his general
specialist knowledge are also conceivable.

As shown in FIG. 5, the membranes 150 of a membrane
pocket 130 are connected to each other at the edges, in order
to prevent the fluid feed stream 20 and/or the retentate
stream 40 from penetrating into the membrane pockets 130.
According to a preferred embodiment, the membranes 150
are connected to each other by being thermally bonded to
each other. However, other methods of connecting the
membranes 150, such as for example gluing, are also
conceivable.
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Permeate Tubes

In addition, the membrane module 10 comprises one or
more permeate tubes 180, which lead to the one or more
permeate outlet openings 110 in the floor 60 and/or roof 80
of the container 50, in order to guide the permeate stream 30
from the membrane pockets 130 to the one or more permeate
outlet openings 110, where the permeate stream 30 can then
be discharged.

According to a preferred embodiment, the one or more
permeate tubes 180 are arranged perpendicular to the flow
direction of the fluid feed stream 20 in the container 50 in the
one or more membrane pocket stacks 120.

As shown in FIG. 4, the one or more permeate tubes 180
comprise openings 190, through which the permeate stream
30 can flow out of the membrane pockets 130 into the one
or more permeate tubes 180. According to a preferred
embodiment, the one or more openings 190 are arranged
radially in the one or more permeate tubes 180.

Furthermore, first seals 200 are fitted on the one or more
tubes 180 between the membrane pockets 130, with the
result that contact between the fluid feed stream 20 and/or
the retentate stream 40 and the one or more permeate tubes
180 is prevented. Both the fluid feed stream 20 and the
retentate stream 40, which are both present between the
membrane pockets 130, are thus prevented from penetrating
into the one or more permeate tubes 180.

The one or more permeate tubes 180 are preferably sealed
towards the outside with second seals 220. The second seals
220 are preferably O-rings. Such an embodiment is shown
for example in FIG. 3 and FIG. 4. However, further designs
known to a person skilled in the art are also conceivable in
order to seal the one or more permeate tubes 180 towards the
outside.

Process for Separating a Fluid Feed Stream into a Permeate
Stream and a Retentate Stream

To separate the fluid feed stream 20 into a permeate
stream 30 and a retentate stream 40, the fluid feed stream 20
is first guided through the one or more fluid inlet openings
90 into the membrane module 10. From there, the fluid feed
stream 20 flows in the direction of the one or more retentate
outlet openings 100 through the membrane module 10.

During the throughflow through the membrane module
10, the permeate material (e.g. carbon dioxide) contained in
the fluid feed stream 20 flows through the membranes 150
into the inside of the membrane pockets 130. In contrast, the
membranes 150 are less permeable to other constituents of
the fluid feed stream 20. In this way, the fluid feed stream 20
is substantially separated into a permeate stream 30 and a
retentate stream 40. The permeate stream 30 is present in the
membrane pockets 130, the retentate stream 40 is present
between the membrane pockets 130.

The permeate stream 30 furthermore flows out of the
membrane pockets 130 through the openings 190 into the
one or more permeate tubes 180.

The first seals 200 fitted on the one or more permeate
tubes 180 between the membrane pockets 130 prevent the
fluid feed stream 20 and/or the retentate stream 40 from
flowing into the one or more permeate tubes 180. This is
illustrated for example in FIG. 3. The retentate stream 40
flowing between the membrane pockets 130 therefore flows
around the one or more permeate tubes 180 in the direction
of the retentate outlet openings 100. This is illustrated for
example in FIG. 6 and FIG. 7.

According to a preferred embodiment, a lower pressure is
applied at the one or more permeate outlet openings 110 than
at the one or more fluid inlet openings 90 and the one or
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more retentate outlet openings 100. This can be achieved for
example by means of vacuum pumps.

As the membrane pockets 130 are in flow connection with
the one or more retentate outlet openings 100 via the one or
more permeate tubes 180 and the one or more openings 190,
there is a lower pressure in the membrane pockets 130 than
between the membrane pockets 120, where the fluid feed
stream 20 and the retentate stream 40 flow. This has the
result that the permeate material is drawn out of the fluid
feed stream 20 through the membranes 150 into the inside of
the membrane pockets 130. From there, the permeate stream
30 is drawn, via the one or more openings 190, into the one
or more permeate tubes 180 and finally to the permeate
outlet openings 110, where the permeate stream 30 is
discharged from the membrane module 10.

In this way, the separating capacity of the membrane
module 10 can be increased. When a negative pressure is
applied, the second spacers 170 present in the membrane
pockets 130 also guarantee a free flow cross-section in the
membrane pockets 130 for the throughflow of the permeate
stream 30, by preventing the membranes 150 of the mem-
brane pockets 130 from being drawn together because of the
negative pressure in the membrane pockets 130.

When a membrane module 10 shown in FIG. 2 and FIG.
6, which has a permeate tube 180 and in each case one
permeate outlet opening 110 in the roof 80 and in the floor
60 on the upstream side of the membrane module 10, is used,
the fluid feed stream 20 and the permeate stream 30 at least
partially flow past each other in accordance with the coun-
tercurrent principle. This is illustrated in FIG. 6. According
to another embodiment, the membrane module 10 comprises
several permeate tubes 180 and permeate outlet openings
110 on the upstream side of the membrane module 10. Also
according to such an embodiment, the fluid feed stream 20
and the permeate stream 30 at least partially flow past each
other in accordance with the countercurrent principle. In this
way, the efficiency of the membrane module 10 is improved
compared with membrane modules based on the co-current
and cross-current principle.

Use of the Membrane Module According to the Invention

The membrane module according to the invention is
preferably used to separate gases from a fluid feed stream
20. Neither the gas nor the fluid feed stream 20 is limited to
particular compounds or substances.

The gas removed from the fluid feed stream 20 is pret-
erably carbon dioxide. The membrane module according to
the invention is particularly preferably used to remove
carbon dioxide from the flue gas of a power station. Using
a 20" container, only a total of 90 membrane modules would
be necessary to separate carbon dioxide from the flue gas of
a hard-coal-fired power station with a capacity of 1500 MW,
instead of the currently required 6,000 membrane modules.
If a larger container were used, fewer membrane modules
would accordingly be necessary.

The invention claimed is:

1. Membrane module for separating a fluid feed stream
which comprises permeate material and retentate material
into a permeate stream and a retentate stream, comprising:

a. a substantially box-shaped 20', 40", 45' HC, 45' PW or

53" HC container, with an internal space, the internal
space is defined by a floor, two to four side walls and
a roof, wherein the internal space has a width, height
and length;

b. one or more fluid inlet openings in at least one of the

two to four side walls;
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c. one or more retentate outlet openings in at least one
other of the two to four side walls, which are in flow
connection with the fluid inlet openings, for discharg-
ing the retentate stream;

d. one or more permeate outlet openings in at least one of
said floor, two to four side walls or roof for discharging
the permeate stream;

e. one or more membrane pocket stacks arranged inside
the container, which comprise membrane pockets
arranged in the form of a stack and, adjacent to the one
or more fluid inlet openings and/or the one or more
retentate outlet openings, first spacers between the
membrane pockets, which keep the membrane pockets
spaced apart, in order to make a free flow cross-section
for the throughflow of the fluid feed stream and/or the
retentate stream possible,
wherein the membrane pockets each comprise two
membranes each on one carrier material and one or
more second spacers between the membranes, which
keep the membranes spaced apart from each other, in
order to make a free flow cross-section for the through-
flow of the permeate stream through the membrane
pockets possible, and
wherein the membranes of a membrane pocket are
connected to each other at the edges, in order to prevent
the fluid feed stream and/or the retentate stream from
penetrating into the membrane pockets;

f. one or more permeate tubes, which lead, perpendicu-
larly to the flow direction of the fluid feed stream, to the
one or more permeate outlet openings,
wherein the one or more permeate tubes comprise one
or more radial openings, through which the permeate
material from the membrane pockets arrives in the one
or more permeate tubes, and wherein first seals are
fitted on the one or more permeate tubes between the
membrane pockets, which first seals prevent the fluid
feed stream and/or the retentate stream from coming
into contact with the one or more permeate tubes, and
wherein the one or more membrane pocket stacks
extend substantially along the entire length, width and
height of the internal space of the container, except for
the area or areas in which the permeate tube or tubes
extend.

2. Membrane module according to claim 1, wherein the

container is a 20' or 40' container.

3. Membrane module according to claim 1, wherein one
side wall of said two to four side walls is formed entirely as
the fluid inlet opening and/or another side wall of said two
to four side walls is formed entirely as the retentate outlet
opening.

4. Membrane module according to claim 1, wherein one
side wall comprises 1 to 100 of the fluid inlet openings and
another side wall of the two to four side walls comprises 1
to 100 of the retentate outlet openings.

5. Membrane module according to claim 1, wherein the
one or more fluid inlet openings and the one or more
retentate outlet openings are fitted in opposite side walls of
the two to four side walls of the container.

6. Membrane module according claim 1, which comprises
1 to 100 of the permeate outlet openings.

7. Membrane module according to claim 1, wherein the
one or more permeate outlet openings are formed as a flange.

8. Process for separating a fluid feed stream which com-
prises permeate material and retentate material into a per-
meate stream and a retentate stream, in which
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a. a membrane module according to claim 1 is provided;

b. a fluid feed stream is guided through one or more of the
fluid inlet openings into the membrane module;

c. the fluid feed stream flows in the direction of the one
or more retentate outlet openings, wherein, during the
throughflow through the membrane module, the per-
meate material flows through the membranes into the
membrane pockets, with the result that the fluid feed
stream is separated into a permeate stream in the
membrane pockets and a retentate stream between the
membrane pockets;

d. the permeate stream flows from the membrane pockets
through the one or more radial openings into the one or
more permeate tubes, flows through the one or more
permeate tubes to the one or more permeate outlet
openings and is discharged there;

e. the retentate stream flows between the membrane
pockets to the one or more retentate outlet openings and
is discharged there.

9. Process according to claim 8, wherein a pressure is
applied at the one or more permeate outlet openings which
is lower than the pressure at the one or more fluid inlet
openings and the one or more retentate outlet openings, with
the result that the permeate stream is guided through the
membrane pockets and the one or more radial openings into
the one or more permeate tubes and is discharged at the one
or more permeate outlet openings.
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10. Process according to claim 8, in which the fluid feed
stream and the permeate stream at least partially flow past
each other in a countercurrent manner.

11. Membrane module according to claim 1, wherein the
container is a 20' container.

12. Membrane module according to claim 2, wherein one
side wall of the two to four side walls comprises 1 to 100 of
the fluid inlet openings and another side wall of the two to
four side walls comprises 1 to 100 of the retentate outlet
openings.

13. Membrane module according to claim 1, wherein one
side wall of the two to four side walls comprises 1 to 10 of
the fluid inlet openings and another side wall of the two to
four side walls comprises 1 to 10 of the retentate outlet
openings.

14. Membrane module according to one of claim 2,
wherein one side wall of the two to four side walls comprises
1 to 10 of the fluid inlet openings and another side wall of
the two to four side walls comprises 1 to 10 of the retentate
outlet openings.

15. Membrane module according claim 1, which com-
prises 1 to 10 of the permeate outlet openings.

16. Membrane module according claim 1, which com-
prises 1 to 8 of the permeate outlet openings.

17. Process according to claim 9, in which the fluid feed
stream and the permeate stream at least partially flow past
each other in a countercurrent manner.
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